Regulation of ribosomal S6 kinase 2 by mammalian target of rapamycin.
Phosphorylation of the ribosomal S6 subunit is tightly correlated with enhanced translation initiation of a subset of mRNAs that encodes components of the protein synthesis machinery, which is an important early event that controls mammalian cell growth and proliferation. The recently identified S6 kinase 2 (S6K2), together with its homologue S6K1, is likely responsible for the mitogen-stimulated phosphorylation of S6. Like S6K1, the activation of S6K2 requires signaling from both the phosphatidylinositol 3-kinase and the mammalian target of rapamycin (mTOR). Here we report the investigation of the mechanisms of S6K2 regulation by mTOR. We demonstrate that similar to S6K1 the serum activation of S6K2 in cells is dependent on mTOR kinase activity, amino acid sufficiency, and phosphatidic acid. Previously we have shown that mTOR is a cytoplasmic-nuclear shuttling protein. As a predominantly nuclear protein, S6K2 activation was facilitated by enhanced mTOR nuclear import with the tagging of an exogenous nuclear localization signal and diminished by enhanced mTOR nuclear export with the tagging of a nuclear export sequence. However, further increase of mTOR nuclear import by the tagging of four copies of nuclear localization signal resulted in its decreased ability to activate S6K2, suggesting that mTOR nuclear export may also be an integral part of the activation process. Consistently, the nuclear export inhibitor leptomycin B inhibited S6K2 activation. Taken together, our observations suggest a novel regulatory mechanism in which an optimal cytoplasmic-nuclear distribution or shuttling rate for mTOR is required for maximal activation of the nuclear S6K2.